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Introduction: Non-appendiceal tumors can mimic and present with clinical features of acute appendicitis
in patients of age 40 years or above. The aim of this prospective study is to investigate the incidence of
right-sided (non-appendiceal) colonic tumors in patients presenting with clinical features of acute
appendicitis.
Methods: A prospective data analysis of 1662 patients using appendectomy database was performed from
2005 to 2011. Patients above age 40 years or older were included. Patientswere compared for demographic
data, clinical presentation, radiologicalﬁndings, operative technique&ﬁndings, histo-pathologicalﬁndings
and postoperative complications. The primary outcome was incidence of right-sided colonic (non-
appendiceal) tumors presenting with features of acute appendicitis. Secondary outcomes measured were,
role of diagnostic radiology, negative appendectomy rate, length of stay and changing trends in operative
techniques.
Results: From 1662 patients initially reviewed, only 179 patients (10.77%) age 40 years or above mean
(56  11.75), median 54 (40e89), with clinical features of acute appendicitis were included in the ﬁnal
analysis. F:M ratio was (1:1.06). CT scan showed in only 1 patient (1.25%, OR ¼ 0.806, p ¼ 0.695), sus-
picion of cecal tumor and underwent right hemicolectomy. Histological examination of specimen
showed, 2 patients (1.11%, OR ¼ 1.10, p¼ 0.47) had primary appendiceal tumors, in which one patient was
histologically reported as appendiceal mucocele (mucinous cystadenoma with low-grade dysplasia),
while the other one had appendeceal carcinoid (Goblet cell carcinoid). In the other tumor group one
patient had metastatic involvement of appendix from ovarian tumor. The time to appendectomy in
radiological group was delayed by (9.2  3.7 h). 131 (73.1%) had laparoscopic while 48 (26.81%) un-
derwent open appendectomy. The negative appendectomy rate was (1.12%) and 30 days complication
rate was (11.73%, p ¼ 0.27). Mean length of stay was 3.54  2.1 days.
Conclusion: Right-sided colonic (cecal) tumors rarely present with features of acute appendicitis. Only
those patients with atypical presentation and ﬁndings should have pre-operative radiological evaluation.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Appendicitis remains the most common acute surgical condi-
tion of the abdomen.1,2 The lifetime incidence is approximately 12
percent in men and 25 percent in women.3 Yet, it is difﬁcult to
diagnose based solely on the patient’s medical history, physical
condition and laboratory ﬁndings.1,4 Gastrointestinal and urogeni-
tal disorders are appendicitis mimicking conditions.5han), drheebeez@gmail.com
sr), elcarton100@gmail.com
ciates Ltd. Published by Elsevier LtHistorically, classic physical ﬁndings such as pain at McBurney’s
point or the other clinical signs such as Psoas sign have been used to
make the diagnosis, though the discriminative power of classic
clinical and laboratory ﬁndings remains low.6,7 Pathologically,
obstruction of the appendiceal lumen is the usual cause of acute
appendicitis.9 However, in elderly patients it may also be due to a
neoplasm, and appendicitis can be its ﬁrst manifestation and these
tumoral lesions may be appendiceal, or cecal in origin.8e10
Imaging allows an objective conﬁrmation of the diagnosis.6 The
two most common modalities in use are abdominal helical
computed tomography (CT) and abdominal ultrasound (US) with
sensitivity ranging from 77 to 99%.6e8 We know that, only about
0.5e1.0% of all cases of appendicitis are caused by appendiceal
tumors conﬁrmed mainly on histology.4,15 But at the same timed. All rights reserved.
Fig. 1. Study ﬂow diagram.
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used as a tool to exclude right-sided (non-appendiceal) colonic
tumors on emergency admissions with clinical features of acute
appendicitis especially in patients that are 40 years or above. The
aim of this prospective study is to investigate the incidence of right-
sided (non-appendiceal) colonic tumors in patients presentingwith
clinical features of acute appendicitis.
2. Materials and methods
The present study was designed as a prospective, observational study in a single
institute between January 1, 2005 and September 30, 2011. A total of 1662 patients
were followed on for 30 days complication with clinical diagnosis of acute appen-
dicitis. Patients were excluded using exclusion criteria if there age less than 40 years
of age, those who underwent elective appendectomy and extended procedures such
as hemi-colectomy of right colon on the elective list (Fig. 1: Flow diagram).
Data from hospital database as “appendicular diary” was reviewed on the basis
of demography, clinical presentation, radiological investigations ordered,Fig. 2. Showing total numbers of patient; male to female ratradiological interventions needed, operative reports, postoperative complications
and histo-pathological reports. On the basis of above tumors were divided into,
primary appendiceal tumors and others such as cecal or metastatic (Fig. 2 & Table 1).
Data was analyzed using the statistical software SPSS version 16. Data was
expressed as numbers (%) and mean (standard deviation). The results were analyzed
using the Fisher’s exact test for discrete data and student t-test for continuous
numeric data. Statistical signiﬁcancewas accepted at the p value being less than 0.05.
3. Results
From 1662 patients reviewed over 5 years from appendectomy
database, 1458 patients (87.36%) were excluded because of age less
than 40 years, and only 179 patients (10.77%) were included in the
ﬁnal analysis (Fig. 1: study ﬂow diagram). The mean age was
56  11.75, median 54 (40e89). Female to male ratio was (1:1.06).
Total 80 (44.69%) patients out of 179 patients underwent radio-
logical examination in the form of CTor Ultrasound abdomen (Fig. 2
& Table 1).
Out of the 80 patients investigated radiologically, CT scan
showed in only 1 patient (1.25%, OR ¼ 0.806, p ¼ 0.695), suspicion
of cecal tumor and underwent right hemicolectomy. Histological
examination of specimens showed, out of total 179 patients above
age of 40 years, 2 patients (1.11%, OR ¼ 1.10, p ¼ 0.47) had primary
appendiceal tumors, in which one patient was histologically
reported as appendiceal mucocele (mucinous cystadenoma with
low-grade dysplasia), while the other one had appendeceal
carcinoid (Goblet cell carcinoid). In the other tumor group one
patient had metastatic involvement of appendix from ovarian
tumor (Table 2).
In non-radiological group of patients diagnosed with acute
appendicitis, which were 99 patients from total of 179, only two
patients had diagnostic follow up colonoscopy within 6 months of
their appendicectomy but no cecal pathology found in this group of
patients on colonoscopy. In long term follow up (from 6 months to
5 years) of this group of patients showed, 9 patients had colonos-
copy arranged for different indications and 1 patient was diagnosed
as sigmoid while other one as rectal cancer which shows that they
were not the cause of their earlier presentation.
The negative appendectomy rate was 1.12%. Mean length of stay
was (3.54  2.1 days). The time to appendectomy in radiological
group was delayed by (9.2  3.7 h), related to the time of their
presentations to emergency departments (83% of radiological
group presented in after hours). 30 days complication rate was
(11.73%, p ¼ 0.27) (Table 3).
4. Discussion
Since the time of Fitz11 in 1886, surgery has been the standard
treatment for acute appendicitis. The classical presentation ofio; type of radiological investigation and type of tumor.
Table 1
Showing demographic data; radiological investigation; type of procedure and 30 days complication rate.
Pts 40 y Mean (age) Female:Male CT/US OA LA Complications (30 days)
179 (10.77%) 56  11.75 1:1.06 80 (44.69%) 48 (26.81%) 131 (73.1%) 11.73%
Table 2
Showing histological diagnosis of specimen.
Patients Appendicitis Missing
histology
Normal Cecal
tumor
Appendicular
tumors
Others Total
Male 89 0 1 1 1 0 92
Female 81 2 1 0 1 2 87
Total 170 2 4 1 2 2 179
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vomiting and a tachycardia with RIF tenderness on clinical exam, is
not always present, coupled with the broad differential diagnosis of
RIF pain makes the diagnosis challenging on a frequent basis. The
overall diagnostic accuracy achieved by traditional history, physical
examination, and laboratory tests is approximately 80 percent, and
the ease and accuracy of diagnosis varies by the patient’s sex and
age, and is more difﬁcult in women of childbearing age, children,
and elderly persons.9e13
In most cases, obstruction of the appendiceal lumen is the cause
of acute appendicitis. However, in elderly patients neoplasm’s can
cause obstruction of the appendiceal lumen and subsequently
presents as acute appendicitis. This association of carcinoma of the
cecum with appendicitis was ﬁrst reported in 1906 by Sheers.14
There are 3 main mechanisms that may lead to obstruction of the
appendiceal lumen by a tumor, (i) tumor in the immediate prox-
imity to the appendix; (ii) inﬂammatory changes by the carcinoma
of the cecum, resulting in occlusion of the appendix; or (iii) tumor
of the colon causing back pressure on the cecum resulting in
obstruction of the appendix.9,12e17
The reported rate of association of carcinoma of the cecumwith
appendicitis in the available literature is very low. A review looking
into the causes of appendicitis in 10,181 patients found that, the
incidence of obstructing cecal cancer as a cause of acute appendi-
citis was only 0.8% in elderly patients.15 Similarly, a 20-year retro-
spective review by Bizer in 1993,16 reported only 1.8% of patients
aged 65 years or older presentingwith signs and symptoms of acute
appendicitis had an underlying carcinoma of the cecum.6
Despite this low reported incidence of carcinoma of the cecum
associated with appendicitis, radiological investigations like U/S
and CT scan are increasingly used as a tool to exclude right-sided
malignant tumors on emergency admissions especially in patients
that are 40 years or above.1e3,7,8,10
Ultrasound (US) with graded compression has a sensitivity and
speciﬁcity of 84.7% and 92.1%, respectively.7 On the other hand
computed tomography (CT) has a reported accuracy of 95e100% for
acute appendicitis, but only has (54%) accuracy for identifying cecal
tumors.1e7 This would suggest that one would miss every second
cecal tumor causing appendicitis. The radiological signs of appen-
dicitis are appendiceal dilatation and peri-appendiceal ﬂuid orTable 3
30-day complication rate.
30 Days complications ¼ 21 (11.73%)
Wound infection 3
Bleeding 2
Abscess/collection 6
Visceral injury 1
Other 9stranding, but such ﬁndings can also be seen with mucocele of the
appendix, peri-appendicitis, and other inﬂammatory or neoplastic
processes involving the appendix.8
In this study, we identiﬁed all patients >40 years with a clinical
diagnosis of appendicitis. The diagnosis was based on history,
clinical examination and laboratory investigations. Where diag-
nosis was not conﬁrmed clinically radiological investigations were
used (Table 1). All patients that went on to have an US or CT to
exclude a malignancy were identiﬁed. Intraoperative ﬁndings were
noted and all patients undergoing appendectomy had histological
examination of their specimen (Table 2). Patients were discharged
and followed up in clinic on an as required basis for any compli-
cations (Table 3).
The incidence of colonic tumors in our study was 0.55% which
were comparatively lower than in literature as reported to be 1.76%
in the study by Loong et al.15 This showed that not only did colonic
tumors present rarely with acute appendicitis at the same time the
other pathologies like carcinoids, appendiceal tumors were not
identiﬁed on CTor U/S which are not the investigations of choice for
diagnosing these pathologies.
We also presented a trend analysis in our results that showed
the maximum cases were performed laparoscopically (Table 1)
with a conversion rate of 2.75%. The complication rate stood at
11.73% (Table 3), which is comparable to the complication rate of
10.87% byHo Jun Lee.18 30 days postoperative complication analysis
showed (Table 3), that postoperative abscess/collection was the
most common complication in laparoscopic group. In those who
underwent open appendicectomy, wound infection was most
common followed by paralytic ileus (4), pulmonary (3) and car-
diovascular complications (2).
Our study also has a number of limitations. First, the sample size
was relatively small (179) and the fact that we only included pa-
tients that underwent radiological investigations, we are not sure
that howmany in the group of patients that did not had radiological
investigations pre-operatively later on diagnosed with cecal le-
sions. Second, in (25) patients U/S was used which is not the mo-
dality of choice for diagnosing colonic/appendiceal tumors. Thirdly,
as with any other study, missing charts and data is always a pos-
sibility but this was minimal as documentation was complete and
only 2 histology reports were not found (Table 3) but included in
ﬁnal analysis as intention to treat.
Our results should also be interpreted carefully, particularly in a
high-risk group such as those with a strong family history of germ
line mutations like (HNPCC) which carries lifetime risk of colonic
cancers of 70e80%. In these cases knowledge and use of criteria’s
such as Amsterdam’s criteria should be utilized in identifying high-
risk candidates for molecular genetic testing.19
However despite these limitations, our study is unique as, to our
knowledge, this is the lowest reported incidence of right sided
colonic (cecal) tumors in patients of age 40 years or older pre-
senting with signs and symptoms of acute appendicitis. Thus
looking at our data, no extra beneﬁt seemed to have been obtained
from performing radiologic tests pre-operatively and it is therefore
worrying to observe an increasing trend in using radiologic
investigations for the diagnosis of appendicitis for the past 11
years.1e8Possible reasons for this over-reliance on radiological in-
vestigations may be due to ease of access to radiological in-
vestigations, fear of misdiagnosis or loss of diagnostic skills. We are
not sure if this is because of the ease of ordering radiologic tests
S.A. Khan et al. / International Journal of Surgery 11 (2013) 301e304304
ORIGINAL RESEARCHthese days or for the fear of misdiagnosis of appendicitis or not
trusting ones clinical acumen.
In conclusion, Right-sided colonic (cecal) tumors rarely present
with features of acute appendicitis. Only those patients who fulﬁll
criteria for high-risk group of colorectal carcinoma requires pre-
operative radiological evaluation and other groups could possibly
be followed up postoperatively with diagnostic modalities such as
colonoscopy.
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